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TITLE OF THE INVENTION 

WEARABLE DISPLAY APPARATUS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of Korean Application No. 2001-8241, filed 
%i February 19, 2001, in the Korean Industrial Property Office, the disclosure of which is 

incorporated herein by reference. 



BACKGROUND OF THE INVENTION 



1 . Field of the invention 



[0002] The present invention relates to ajvearable display apparatus, and more 
particularly, to a wearable display apparatus configured for interpupillary distances, 
allowing left and right image display positions to be adjusted for a user's interpupillary 
distance. 

2. Description of the Related Art 

[0003] A wearable display apparatus is worn near a user's eyes for viewing images. 
The wearable display apparatus is widely spread in use due to advantages of being 
individually wearable, small in size, and providing views of a wide visual angle. 
Generally, a head mount display (HMD) apparatus, and a spectacles-type display 
apparatus are types of wearable display apparatuses. The wearable display apparatus 
is magnified by an optical system and shows a user images displayed on a display 
device such as an LCD or a CRT. The wearable display apparatus requires very 
precise optical devices to focus at short distances and avoid eye fatigue since an 
image screen of the wearable display apparatus is disposed at a position close to the 
eyes. 

[0004] Particularly, in view of eyes which are visual subjects, the HMD apparatus is 
classified into a monocular type and a binocular type. Further, in view of images which 
are visual objects, the HMD apparatus is classified into a monoscopic type and a 
stereoscopic type. Of the above, the binocular type is widely used. 

[0005] For left and right images displayed in the HMD apparatus of the binocular 
type to be naturally overlapped and recognized by a user, a distance between focusing 
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lenses of the HMD may be adjusted for the interpupillary distance (IPD) of the user. 
The IPDs of most adult males and females range from 50mm to 74mm. Further, some 
people have different heights in their left and right eyes. If a user wears a binocular 
HMD differently adjusted from his or her own IPD, left and right images are initially 
viewed as separated. Also, the images are overlapped in one image by the visual 
control mechanism of a human being, thereby increasing eye fatigue more than in the 
case that the IPD of the HMD is adjusted to fit the user's IPD. Accordingly, a method 
has been disclosed in WO95/10106 by Vertula Vision Inc., in which an optical 
mechanism is mechanically adjusted to focus left and right images according to a 
user's diverse interpupillary distances. 

[0006] FIG. 1 is a view showing a conventional wearable display apparatus. 

[0007] Referring now to FIG. 1, the conventional HMD includes two display devices 
11 and 12, plural mirrors 13, 14, and 15, a beam splitter 16, and focus lenses 17 and 
18. 

[0008] The display devices 1 1 and 12 display images to be projected to the left and 
right eyes 20 and 22 of a user. 

[0009] The focus lenses 17 and 18 are disposed in front of the eyes 20 and 22 of 
the user, and magnify the images displayed on the display devices 1 1 and 12 so that 
the magnified images are provided for the user's eyes. 

[0010] The plural mirrors 13, 14, and 15 and the beam splitter 16 are used to 
transform projection paths of the images displayed on the display devices 11 and 12 to 
the positions of the left and right eyes. 

[0011] The image displayed on the display devices 11 and 12 are viewed by the 
user's left and right eyes 20 and 22 via the beam splitter 16, mirrors 13, 14, and 15, 
and focus lenses 17 and 18. The images projected to the left and right eyes 20 and 22 
through the right focus lens 17 and the left focus lens 18 are mutually superimposed 
and the user recognizes the images as one image. 

[0012] However, the conventional binocular HMD has a drawback in that the IPD is 
fixed to an average IPD of users, or the optical system of the HMO has to be 
mechanically adjusted according to an IPD of the particular user. Thus, for example, 
the structure of the HMD becomes complicated and the head set becomes heavy in 
weight. 
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SUMMARY OF THE INVENTION 

[0013] Accordingly, it is an object of the present invention to provide a wearable 
display apparatus configured for interpupillary distances, allowing left and right image 
display positions to be easily adjusted according to a user's interpupillary distance 
without an increase of the completeness degree in structure. 

[0014] Additional objects and advantages of the invention will be set forth in part in 
the description which follows, and, in part, will be obvious from the description, or may 
be learned by practice of the invention. 

[0015] The foregoing and other objects of the present invention are achieved by 
providing a wearable display apparatus worn near both eyes of a user and displaying 
images to be recognized through the eyes, including a main control unit outputting view 
display position adjustment information corresponding to inputted interpupillary 
distance setting information, and display units respectively display-processing image 
information inputted to an area within a display region corresponding to the view 
display position adjustment information, the display region being smaller than an entire 
view display area of the display units. 

[0016] A key input unit is further provided which is capable of producing the 
interpupillary distance setting information in correspondence with a user's 
manipulation. 

[0017] Alternatively, a sensor is further provided which is mounted on the main body, 
detecting information on a user's interpupillary distance and outputting the detected 
interpupillary distance information to the main control unit as the interpupillary distance 
setting information. 

[0018] The display unit includes a first display device mounted on the main body to 
display an image to a left eye of the user, and a second display device mounted on the 
main body to display an image to a right eye of the user, the first and second display 
devices each having a matrix display unit displaying pixel information by selective 
driving of column electrodes and row electrodes. The row electrodes are arranged 
along a horizontal direction, and the column electrodes are arranged along a direction 
crossed at a certain angle with respect to the horizontal direction. Also, the first and 
second display devices each have a display control unit selectively driving the column 
electrodes and the row electrodes to display the image at a view display position 
corresponding to the view display position adjustment information. 
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[0019] A display area of the matrix display unit is larger at a length in a horizontal 
direction corresponding to a direction linking wearing of the left and right eyes than an 
internally set image display size. 

[0020] The display control unit includes a row electrode driving unit selecting the row 
electrodes and outputting image information and a column electrode driving unit 
sequentially activating the column electrodes. Also, the display control unit includes a 
drive control unit controlling the column electrode driving unit and the row electrode 
driving unit for image data to be written to the column and row electrodes 
corresponding to the view display position adjustment information. 

[0021] The column electrode driving unit includes a plurality of flip-flops connected 
in series with correspondence to a number of the column electrodes, and a switch unit 
mounted to output to the corresponding column electrodes, image signals outputted 
from the drive control unit according to a signal outputted from an output port of the 
plurality of flip-flops. 

[0022] The row electrode driving unit includes a plurality of flip-flops arranged in 
series in correspondence to a number of the row electrodes, and each having an 
output port connected to the corresponding row electrode. 

[0023] Alternatively, the display control unit includes a row electrode driving unit 
selecting the row electrodes and outputting image information and a column electrode 
driving unit sequentially activating the column electrodes. Also, the display control unit 
includes a drive control unit controlling the column electrode driving unit and the row 
electrode driving unit for image data to be written to the column and row electrodes 
corresponding to the view display position adjustment information. 

[0024] The row electrode driving unit includes a plurality of flip-flops connected in 
series with correspondence to a number of the row electrodes, and a switch unit 
mounted to output to the corresponding row electrode, image signals outputted from 
the drive control unit according to a signal outputted from an output port of the plurality 
of flip-flops. 

[0025] The column electrode driving unit includes a plurality of flip-flops arranged in 
series in correspondence to a number of the row electrodes, and having an output port 
connected to the corresponding row electrode. 

[0026] The foregoing and other objects of the present invention are also achieved by 
providing a method of controlling a wearable display apparatus worn near to both eyes 
of a human body and displaying images to be recognized through the eyes, including 
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outputting view display position adjustment information corresponding to inputted 
interpupillary distance setting information and display-processing image information 
inputted to an area within a display region corresponding to the view display position 
adjustment information, the display region being smaller than an entire view display 
area of the display units. 

[0027] The interpupillary distance setting information is produced in correspondence 
with a user's manipulation. 

[0028] The interpupillary distance setting information is information on a user's 
interpupillary distance detected by a sensor mounted in a main body. 



q BRIEF DESCRIPTION OF THE DRAWINGS 

o 

ry [0029] These and other objects and advantages of the invention will become 

O apparent and more appreciated from the following description of the preferred 

«. embodiments, taken in conjunction with the accompanying drawings of which: 

y 1 FIG. 1 is a view showing a conventional wearable display apparatus; 

y: FIG. 2 is a view showing schematically a wearable display apparatus according 

fU to an embodiment of the present invention; 

f J FIG. 3 is a view showing a relationship between an entire display area and an 

ri image display size of the wearable display apparatus of FIG. 2; 

M FIG. 4 is a view showing display positions of left and right eyes adjusted to fit a 

user's interpupillary distance in the wearable display apparatus of FIG. 2; and 

FIG. 5 is a view showing an example of a display device of the wearable display 

apparatus of FIG. 2. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0030] Reference will now be made in detail to the present preferred embodiments 
of the present invention, examples of which are illustrated in the accompanying 
drawings, wherein like reference numerals to like elements throughout. 

[0031] FIG. 2 is a view showing a wearable display apparatus according to an 
embodiment of the present invention. 
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[0032] Referring now to FIG. 2, the wearable display apparatus includes a key 
manipulating unit 31, a main control unit 33, and first and second display units 40 and 
50. 

[0033] The key manipulating unit 31 has an interpupillary distance adjusting key 31a 
capable of setting an interpupillary distance fit for a user. 

[0034] Alternatively, a sensor (not shown) may be mounted on a main body, which 
detects interpupillary positions of the user wearing the wearable display apparatus and 
outputting interpupillary distance information to the main control unit 33 to automatically 
set the interpupillary distance fit for the user. The sensor, which is known, may be used 
and generally employed in eyesight measuring equipment. 

[0035] The main control unit 33 produces and outputs view display position 
adjustment information corresponding to interpupillary distance setting information 
inputted through the key manipulation unit 31 or the sensor to be fit for the display units 
40 and 50. 

[0036] Alternatively, the main control unit 33 is constructed to interface with an 
external device (not shown) to output the view display position adjustment information 
corresponding to the interpupillary distance setting information inputted from the 
external device. In this case, the external device is constructed to output the 
interpupillary distance setting information that is recognizable by the main control unit 
33. For example, in the case that a head-mount display apparatus is connected and 
used together with a computer, the computer has an interpupillary distance adjustment 
driver with which the user sets the interpupillary distance in the computer and transfers 
the set interpupillary distance information to the main control unit 33. 

[0037] The main control unit 33 determines image display positions corresponding 
to the interpupillary distance information inputted from the key manipulating unit 31, 
sensor, or external device to produce an image of a size set to be smaller than an 
entire image display area displayable on first and second display devices 41 and 51. 
Then, the main control unit 33 outputs the view display position information, which 
corresponds to the determined image display positions, to the corresponding display 
units 40 and 50. Here, the view display position information includes display start 
position information for an image display of the entire view to be started. 

[0038] FIG. 3 is a view showing a relationship between an entire display area and 
an image display size of the wearable display apparatus of FIG. 2. 
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[0039] Referring now to FIG. 3, for example, if pixel information is written in a matrix 
form to an entire display area of a display device, the main control unit 33 determines 
on which area an image display size, the size of the shaded portion which is set to be 
smaller than the entire display area, is displayed according to the user's interpupillary 
distance. If the image display position as shown is determined, the main control unit 
33 outputs to a corresponding display device, position information of writing an image 
from an mth column Vm and an rth row Hr of the entire display area. Likewise, if an 
image is displayed at a position starting from a second column and a third row 
according to a changed interpupillary distance of the user, the main control unit 33 
outputs the second column and the third row as position information for the writing of 
an image to be started. In this case, the display area for the image size of the shaded 
portion is the area displayed from the second column V2 and the third row H3, causing 
the display position to move. 

[0040] Also, as shown in FIG. 2, the first display unit 40 has the first display device 
41 displaying a left-eye image according to the view display position adjustment 
information inputted from the main control unit 33, and a first optic system outputting 
the image displayed from the first display device 41 to the user's left eye. 

[0041] The first display device 41 may be one of many known diverse display 
devices such as a liquid crystal device (LCD), a light-emitting device array display 
device, a plasma display device, and a CRT device. 

[0042] A view display area of the first display device 41 is larger at a length in 
horizontal and/or vertical directions which are directions linking the wearing positions of 
the left and right eyes, than an internally set image display size (see FIG. 3). That is, 
for example, the view display area of the first display device 41 has a view display area 
which displaces the internally set image display size within a certain range. 

[0043] The first optic system includes reflection mirrors 47a and 47b and a focus 
lens 48 to output the image displayed on the first display device 41 to the left eye. The 
first optic system may further include an optic device (not shown) compensating an 
image distortion. 

[0044] Alternatively, the first optic system may be constructed with an optical device 
applied to display at the left eye position, an image displayed on the first display device 
41 by another light path change method. 

[0045] The second display unit 50 is controlled by the main control unit 33, and 
includes the second display device 51 displaying an image for a right eye and a second 
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optic system outputting the image displayed by the second display device 51 to the 
user's right eye. 

[0046] The second display device 51 may be one of many known diverse display 
devices such as a liquid crystal device (LCD), a light-emitting array display device, a 
plasma display device, and a CRT device. 

[0047] A view display area of the second display device 51 is larger at a length in 
' horizontal and/or vertical directions which are directions linking the wearing positions of 
the left and right eyes, than an internally set image display size. That is, for example, 
the view display area of the second display device 51 has a view display area which 
displaces the internally set image display size within a certain range. In this case, the 
positions of the images displayed on the first and second display devices 41 and 51 
may be symmetrically adjusted with reference to a center point P between the focus 
lens 48 of the first optic system and a focus lens 58 of the second optic system. 

[0048] Alternatively, the view display area of the first display device 41 may be 
formed to correspond to the set image display size, and the view display area of the 
second display device 51 may be formed for the image-displayable area to be 
expanded to a size larger than the set image display size. In this case, the position 
displayed on the second display device 51 through the second optic system is adjusted 
with reference to the position displayed on the first display device 41 through the first 
optic system. 

[0049] Still alternatively, the view display area of the second display device 51 may 
be formed to correspond to the set image display size, and the view display area of the 
first display device 41 may be formed for the image-displayable area to be expanded to 
a size larger than the set image display size. 

[0050] The second optic system includes reflection mirrors 57a and 57b outputting 
the image displayed on the second display device 51 and the focus lens 58. Likewise, 
the second optic system may have an additional optic device (not shown) 
compensating an image distortion, or an optical device applied to display at the right- 
eye position, an image displayed on the second display device 51 by another light path 
change method. 

[0051] Hereinafter, operations will be described to show control of the view display 
positions to fit the user according to the adjustment information on the user's 
interpupillary distance in the wearable display apparatus. 
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[0052] FIG. 4 is a view showing display positions of left and right eyes adjusted to fit 
a user's interpupillary distance in the wearable display apparatus of FIG. 2. 

[0053] Referring now to FIG. 4 image positions respectively viewed to the left and 
right eyes of a user, move according to the user's interpupillary distance. The entire 
displayable areas 41a and 51a are schematically shown, which may be provided to the 
user through the respective optic systems with correspondence to the entire display 
areas of the first and second display devices 41 and 51 . F shows a focus position 
determined by the respective optic systems. 

[0054] In the case that a standard interpupillary distance is IPD1, image display 
areas 41b and 51b are shown in dotted lines, which correspond to display positions for 
mutually superimposing at the focus position F, the left-eye and right-eye images 
recognized by the user through the display devices 41 and 51 and the optic systems. 

[0055] Accordingly, if images are displayed on the areas 41 b and 51b of the display 
devices 41 and 51 corresponding to the image display positions shown in dotted lines 
in which the user has the standard interpupillary distance IPD1, the user recognizes 
that one superimposed image is provided through the left and right eyes at the focus 
position F, avoiding image recognition distortions and eye fatigue. 

[0056] In the case that a user having an IPD2 different from the user having the 
IPD1 wears the wearable display apparatus, if the display position is not adjusted for 
the left-eye and right-eye images recognized through the left and right eyes, a position 
mutually superimposing the left-eye and right-eye images deviates from the focus 
position F. To compensate for the deviation, if the display position moves to the 
positions shown in one-dot chain lines, 41 C and 51 C which is the image display 
position fit for the user having the interpupillary distance IPD2, the user may 
experience one superimposed image recognized by both eyes at the focus position F 
without eye fatigue. 

[0057] The method of adjusting the image display areas is the same in the 
respective display devices 41 and 51 . Accordingly, a display example will be 
described with reference to FIG. 5 to show the operation of adjusting the image display 
positions according to view display position information inputted from the main control 
unit 33. 

[0058] FIG. 5 is a view showing an example of a display device of the wearable 
display apparatus of FIG. 2. 
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[0059] Referring now to FIG. 5, the display device includes a drive control unit 42, a 
column electrode driving unit 43, a row electrode driving unit 44, and a matrix display 
unit 46. 

[0060] A display control unit includes the drive control unit 42, the column electrode 
driving unit 43, and the row electrode driving unit 44. 

[0061] The matrix display unit 46 has column electrodes C and row electrodes L 
arranged in intervals, in which the row electrodes L are arranged in a line form in the 
horizontal direction and the column electrodes C are arranged in a line form along the 
direction crossed at a certain angle with respect to a horizontal direction. Liquid 
crystals or light-emitting devices may be applied between the column electrodes C and 
the row electrodes L. An equivalent circuit 46a for the liquid crystal is shown which 
transmits or blocks light according to the driving of the column electrodes C and the 
row electrodes L. 

[0062] The column electrode driving unit 43 is provided with plural flip-flops 43a 
connected in series, and a switch unit 45 selectively outputting through a 
corresponding column electrode C, image data inputted according to output signals of 
the flip-flops 43a. 

[0063] The row electrode driving unit 44 has plural flip-flops 44a connected in series 
and having output ports connected to the corresponding row electrodes L. 

[0064] The drive control unit 42 controls the column electrode driving unit 43 and the 
row electrode driving unit 44 for an image to be displayed from image display start 
positions corresponding to view display position information inputted from the main 
control unit 33. H_ENABLE is a signal enabling the flip-flops to sequentially output 
activations signals (for example, high signals), and H_CLK is a horizontal scanning 
clock signal which is generated in synchronization with horizontal scanning. 
V_ENABLE is a signal enabling the flip-flops to sequentially output activation signals 
(for example, high signals), V_CLK is a vertical scanning clock signal which is 
generated in synchronization with vertical scanning, and VIDEO is an image signal. 

[0065] The driving operations of the display device are described as follows. If view 
display position information is inputted from the main control unit 33 to start an image 
from a fifth column and a third row, the drive control unit 42 generates clock signals 
H_CLK and V_CLK in accordance with a usually set scanning mode through the flip- 
flops 43a and 44a of the column electrode driving unit 43 and row electrode driving unit 
44. A flip-flip corresponding to the third row electrode outputs an activation signal and 
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a flip-flop corresponding to the fifth column outputs an activation signal, to thereby 
output image information through the switch unit 45. That is, for example, the drive 
control unit 42 counts the horizontal and vertical clock signals and outputs image data 
for an image to be outputted through the switch from a time where the counting 
corresponds to an image-writing start position. Accordingly, the image starts to write 
from the third row and the fifth column. 

[0066] Alternatively, for example, for a signal corresponding to image information to 
be outputted through the row electrode driving unit 44, the switch unit 45 may be 
placed in the row electrode driving unit 44. That is, for example, a structure may be 
constructed in which the switch unit 45 is removed from the column electrode driving 
unit 43 to directly connect the output ports of the respective flip-flops with the column 
electrodes. Therefore, the output ports of the flip-flops of the row electrode driving unit 
44 may turn on and off the switch unit 45 capable of inputting image information. 

[0067] A method of controlling a wearable display apparatus according to the 
present invention includes the operations of outputting view display position adjustment 
information and processing image information for displays. The view display position 
adjustment information output operation outputs view display position adjustment 
information corresponding to inputted interpupillary distance setting information. The 
image information display processing operation display-processes image information 
inputted to an area within a display region corresponding to the view display position 
adjustment information. Here, the display region is smaller than an entire view display 
area. 

[0068] The interpupillary distance setting information may be produced in 
correspondence with a user's manipulation. Alternatively, the interpupillary distance 
setting information may be information on a user's interpupillary distance detected by a 
sensor. 

[0069] With the wearable display apparatus described according to the present 
invention, simplification in structure and convenience in use are provided since image 
display positions may be adjusted to fit an interpupillary distance of a user without 
movements of optic systems. 

[0070] Although a few preferred embodiments of the present invention have been 
shown and described, it would be appreciated by those skilled in the art that changes 
may be made in these embodiments without departing from the principles and spirit of 
the invention, the scope of which is defined in the claims and their equivalents. 
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